Abstract
Introduction
High-speed mobile, causing a great deal of Doppler frequency shift, so that the LTEAdvanced system for broadband communications in high-speed mobile environment faces many challenges. In uplink multiuser situations, Doppler frequency shift, not only will cause inter-carrier interference, also lead to the loss of the codeword orthogonality, resulting in multiuser interference (MUI), hence the need for carrier frequency offset estimation and compensation [2] .
At present, carrier frequency offset estimation has been widely studied, however in high-speed mobile environment, the estimation accuracy of traditional carrier frequency offset estimation method is reduced, or estimated range is smaller. Therefore, LTEAdvanced system PUCCH carrier frequency offset estimation in high-speed mobile environment is one of the most urgent problems to be solved. The resource of uplink in LTE-A can be used to estimate carrier frequency offset is the pilot symbols, cyclic prefix, the data symbols, so the carrier frequency offset estimation algorithm can be divided into estimation method based on pilot and based on cyclic prefix [3] . Two kinds of algorithms have their own advantages, estimation method based on pilot for low complexity, easy to implement, but affected by pilot symbol density and interval, the estimation accuracy is low. Estimation method based on cyclic prefix for high complexity, the estimation accuracy will be seriously affected in low SNR and larger delay spread environment.
PUCCH adopts Code Division Multiple Access mechanism [4] , users have occupied the same resource in time domain and frequency domain, so it has brought a lot of MUI,
PUCCH Signal Model for High-speed Mobile Environment
Before the analysis of frequency offset estimation algorithm, according to the reference, gives PUCCH signal model of high-speed mobile environment. Let ( 
Next, the carrier frequency offset estimation algorithm analysis are carried out on the basis of this model. In order to analysis the performance of carrier frequency offset estimation algorithm, gives the lower bound of the Mean-Square Errors(MSE) Using the frequency offset estimation, such as formula (5).
Where p N represents the total number of taking the average in carrier frequency offset estimation. a n represents the number of receive antennas, block N indicates the number of carriers in a resource block, D represents the distance between the related operational symbol.
Frequency Offset Estimation Algorithm for PUCCH Format 1
PUCCH format 1 in a 1ms sub-frame, all data symbols send the same information, the pilot symbols transmitted information is fixed. So for the PUCCH format 1, in two consecutive slots, accounting for 6 of pilot symbols of 12 sub carrier and 8 data symbols can be used for frequency offset estimation [5] . This section will introduce respectively based on pilot symbols, based on the data symbols frequency offset estimation algorithm, and based on the pilot symbols and data joint frequency offset estimation algorithm.
Frequency offset in the frequency domain characterized by accumulation of phase rotation, and all sampling points within the same symbol phase rotation is the same. After dispreading in the frequency domain a user remaining 7 sampling points in a slot. We use 3.1.1. Based on Adjacent-pilot Symbols ⑴ Basic principle Basic principle of using adjacent-pilot symbols to frequency offset estimation is, the user after the separation in the frequency domain, one symbol for each user within a slot one sampling point left, use only the middle three pilots for carrier frequency offset estimation, every two of three continuous pilot symbol combined to estimate the carrier frequency offset, then the results weighted, as shown in Figure 1 .
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Figure 1. Schematic Diagram of Using Adjacent-pilot Symbols
According to the method as shown in figure 1 for related operation, can get a carrier frequency offset estimation value:
Where m represents a slot number within a sub-frame. By formula (6) can see that this method of carrier frequency offset estimate in the range of Consider the case of single user, multiuser, frequency offset estimation using adjacentpilot symbols MSE performance curve, as shown in Figure 2 . 
Figure 2. MSE Curves Estimated by the Adjacent-pilot Symbols
We can see from figure 2, the frequency offset estimation using adjacent-pilot symbol, with the increase of the SNR, carrier frequency offset estimation of MSE showed a decreasing trend, and in the -6dB, MSE down to 3 
10
 . Because of the influence of the interference between users, at high SNR, carrier frequency offset estimation performance with slightly decreased as the number of user increases.
Based on Interval-pilot Symbols
⑴ Basic principle
As the PUCCH format 1 within a slot of three continuous pilot, it can be considered using a symbol interval of pilot for frequency offset estimation. Basic principles of this method is that, after user separation in the frequency domain, a symbol in one slot for each user only one sampling point, using the first and third pilot symbols for carrier frequency offset estimation and its schematic is shown in Figure 3 [8] .
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Figure 3. Schematic Diagram of Using Interval-pilot Symbols
According to the method as shown in figure 3 for related operation, can get a carrier frequency offset estimation value:
Where m represents a slot number within a sub-frame. By formula (7) can see that this method of carrier frequency offset estimate in the range of Using interval-pilot to frequency offset estimation of PUCCH format 1, simulation parameters are shown in table 1. Consider the case of single-user, multiuser. Frequency offset estimation using interval-pilot symbols MSE curve, as shown in Figure 4 .
We see from Figure 4 , the frequency offset estimation using interval-pilot symbol, with the increase of the SNR, carrier frequency offset estimation of MSE showed a decreasing trend, and in the -7.5dB, MSE down to 3 
10
 . Because of the influence of the interference between users, at high SNR, carrier frequency offset estimation performance with slightly decreased as the number of users increases , but the smaller gap between performance. 
Frequency Offset Estimation Algorithm based on Data Symbols
As four symbols (0, 1, 5, 6) transmit the same data in PUCCH format 1, so we can use the data symbol to estimate the carrier frequency offset. Depending on where the data symbols, can use adjacent-data symbol and interval-data symbols to estimate the carrier frequency offset [9] .
Based on Adjacent-data Symbols
⑴ Basic principle
Basic principle of using adjacent-data symbols to frequency offset estimation is, after user separation in the frequency domain, one symbol for each user within a slot one sampling point left. Respectively, use the symbols 0 and 1, 5 and 6 for carrier frequency offset estimation, then the two results weighted, as shown in Figure 5 .
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Figure 5. Schematic Diagram of Using Adjacent-data Symbols
According to the method as shown in figure 5 for related operation, can get a carrier frequency offset estimation value: Frequency offset estimation using adjacent-data symbols MSE curve, as shown in Figure  6 .
We can see from Figure 6 , the frequency offset estimation using adjacent-data symbol, with the increase of the SNR, carrier frequency offset estimation of MSE showed a decreasing trend, and in the -5dB, MSE down to 3 
10
 . Estimate accuracy worse than when using pilot to estimate, and the number of users to estimate at this time has a greater influence on the performance, with the increase of users, interference between user increases, estimation error increases. ,0 k,1
Where m represents a slot number within a sub-frame. By formula (9) can see that this method of carrier frequency offset estimate in the range of 
⑵ Performance simulation
Using interval of five data symbols to frequency offset estimation of PUCCH format 1, simulation parameters are shown in table 1. Consider the case of single-user, multiuser, frequency offset estimation using interval of five data symbols MSE curve, as shown in Figure 8 . 
Figure 8. MSE Curves Estimated by the Interval-data Symbols
We can see from Figure 8 , the frequency offset estimation using interval-data symbols, with the increase of the SNR, carrier frequency offset estimation of MSE showed a decreasing trend, and in the -3dB, MSE down to 3 10  . In addition, this method is poor estimation performance at low SNR, lower estimate accuracy. At high SNR, the performance is better, the estimation accuracy is improved obviously. With the increase of users, little change in estimation accuracy.
Joint Frequency Offset Estimation Algorithm based on Pilot and Data Symbols
The front respectively discuss a method to estimate the carrier frequency offset using the pilot symbols and data symbols, now joint frequency offset estimation algorithm based on pilot and data symbols is discussed.
⑴ Basic principle
Basic principle of joint frequency offset estimation algorithm based on pilot and data symbols is, after user separation in the frequency domain, one symbol for each user within a slot one sampling point left, difference calculation using the same type (data symbol or pilot symbol) of the adjacent sample point, then the results weighted, as shown in Figure 9 .
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Figure 9. Schematic Diagram of Joint Frequency Offset Estimation Algorithm
According to the method as shown in figure 9 for related operation, can get a carrier frequency offset estimation value:
,0 k,2 k,3 k,5
(1)
Where m represents a slot number within a sub-frame. By formula (10) can see that this method of carrier frequency offset estimate in the range of 
⑵ Performance Simulation
Using adjacent-data symbols and adjacent-pilot symbols to frequency offset estimation of PUCCH format 1, simulation parameters are shown in table 1. Consider the case of single-user, multiuser. Joint frequency offset estimation based on pilot and data symbols MSE performance curve, as shown in Figure 10 . We can see from Figure 10 , Joint frequency offset estimation based on pilot and data symbols, with the increase of the SNR, carrier frequency offset estimation of MSE showed a decreasing trend, and in the -7dB, MSE down to 3 10  . With the increase in the number of users, reduce the accuracy of estimation, and when SNR is greater than 4dB, the estimation error of four users was higher than that of the single user and two user.
Improved Carrier Frequency Offset Estimation Algorithms
In the high-speed mobile scenario, there exists a large Doppler frequency shift, which leads to loss of code orthogonality and also introduces ICI within a single SC-FDMA symbol. So carrier frequency offset is very large in the high-speed mobile scenario, if using data and pilot symbols to estimate directly, the estimation accuracy is low, for this reason, a double-iteration carrier frequency offset (CFO) estimation algorithm is proved to perform the best for PUCCH Format 1 in high-speed mobile scenario [10] .
⑴ Basic principle
Basic principle of double-iteration carrier frequency offset estimation algorithm is, firstly, coarse estimation for CFO using pilot symbols, and to compensate for signal. Then the data symbols are used for fine estimation, to compensate the signal again. By coarse estimation and fine estimation that phase ambiguity can be avoided, and reduce the impact of noise [11] . 
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Figure 11. Schematic Diagram of Using Double-iteration
As shown in Figure 11 , Specific procedures are as follows: First of all, using adjacent-pilot symbols and adjacent-data symbols, or the interval-pilot symbols to coarse estimate for CFO. Set frequency offset coarse estimation value for 1  , then compensate the coarse estimation value  times; Then for compensated frequency offset signal, use interval of five data symbols to frequency offset fine estimation, get the value of the carrier frequency offset estimation for 2  . Finally compensates for the this signal; According to the given earlier PUCCH signal model of high-speed mobile environment, we can get the following formula, the coarse estimation formula (11) of interval-pilot symbols, and fine estimation formula (12) of interval-data symbols, the final frequency offset estimation value can be get by formula (13).
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Using double-iteration to frequency offset estimation of PUCCH format 1, simulation parameters are shown in Table 1 . Consider the case of a single user, multiuser and different values of the compensation parameter, double-iteration carrier frequency offset estimation algorithm MSE performance curve, as shown in Figure 12 and 13.
Copyright ⓒ 2015 SERSC   , performance of the frequency offset compensation is better than that of other values. When the SNR greater than -5dB, full and partial compensation consistent performance. Partial compensation for performance is better, because in lower SNR, the coarse frequency offset in the first estimate relative to the actual deviation may appear bigger error, so if the completely compensate , the residual frequency offset is large still, then the second estimation of frequency offset must be greater errors(due to limited the range of the second estimate), So for the first estimate, using partial compensation can reduce the impact of the error of the first estimate on the second estimate. Therefore, in the low SNR using partial compensation performance is better. Figure 13 shows the MSE curves using double-iteration to frequency offset estimation of PUCCH format 1. We can see from Figure 13 , double-iteration frequency offset estimation algorithm, with the increase of the SNR, carrier frequency offset estimation of MSE showed a decreasing trend, and in the -8dB, MSE down to the number of users, reduce the accuracy of estimation, when the SNR is greater than4dB, estimated MSE is very close to the lower bound of estimation, estimate performance is better, and the algorithm is less affected by the interference between users.
Performance Comparison of Various Algorithms
Next, frequency offset estimation algorithm performance of all previously described will be compared, simulation parameters are shown in table 1. Consider the case of a single user, multiuser. MSE performance curve of each estimation algorithm shown in Figure 14 -16. Figure 14 is single user performance comparison of different algorithm, can be seen from the figure, performance of the double-iteration algorithm is better than other algorithms, and when SNR higher than -4dB, estimated MSE is very close to the lower bound of estimation, when the SNR is higher than 3dB, frequency offset estimation algorithm using interval of five data symbols , estimation accuracy is higher, which consistent with performance of the double-iteration algorithm, but at low SNR, the estimation accuracy is poor. Performance using adjacent-data symbol to estimate the carrier frequency offset is the worst. Figure 15 is two users performance comparison of different algorithm, can be seen from the figure, with the increase of the SNR, MSE curves of carrier frequency offset estimation showed a decreasing trend, when the SNR is less than 4dB, performance of the double-iteration algorithm is better than other algorithms. When the SNR is higher than 4dB, estimated MSE using interval of five data symbols is very close to double-iteration algorithm. Therefore, the double-iteration algorithm can effectively reduce the impact of noise on the accuracy, frequency offset estimation algorithm based on interval of five data symbols is sensitive to noise and the estimation accuracy is greater affected by noise. Performance using adjacent-data symbol to estimate the carrier frequency offset is the worst. Figure 16 is four users performance comparison of different algorithm, when the SNR is less than 3dB, performance of the double-iteration algorithm is better than other algorithms, when the SNR is higher than 3dB, performance of using interval of five data symbols is better than other algorithms. From this, we can see that in the case of four users interference between users is large, frequency offset estimation algorithm based on interval of five data symbols is sensitive to noise and estimation accuracy is greater affected by noise, the interference between the users have certain robustness, but its performance is very bad at low SNR. Through the comparison and analysis on the performance of each frequency offset estimation algorithm in the case of different number of users, the double-iteration algorithm compared with other algorithms has better performance, estimated MSE curve is very close to the lower bound of estimation. As the double-iteration estimation algorithm using coarse estimation, fine estimation and twice compensation, so as to reduce the effects of noise on performance. 
Conclusion
In the high-speed mobile environment, LTE-Advanced uplink exist twice the maximum Doppler frequency offset of the carrier frequency offset, resulting in serious ICI and inter-user interference, and bring serious impact to the transmission system. Therefore, the need for carrier frequency offset estimation in receiver. In this paper, for PUCCH format 1, introduce respectively based on pilot symbols, based on the data symbols frequency offset estimation algorithm, and based on the pilot symbols and data joint frequency offset estimation algorithm. On this basis, put forward a frequency offset estimation algorithm suitable for high-speed mobile environment. Through the simulation and performance analysis of variety of methods, the proposed double-iteration algorithm has the best performance, this estimation algorithm using coarse estimation, fine estimation and twice compensation, to reduce the effects of noise on frequency offset estimation and improve estimation accuracy.
